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Objective The present study aimed to investigate whether graded doses of Bacopa Monniera (BM) extract could produce antidepres- 
sant-like effects in chronic unpredictable stress (CUS) induced depression in rats and its possible mechanism(s). 

Methods Rats were subjected to an experimental setting of CUS. The effect of BM extract treatment in CUS-induced depression was 
examined using behavioral tests including the sucrose consumption, open field test and shuttle box escape test. The mechanism underly- 
ing the antidepressant-like action of BM extract was examined by measuring brain-derived neurotrophic factor (BDNF) protein and 
mRNA expression in brain tissues of CUS-exposed rats. 

Results Exposure to CUS for 4 weeks caused depression-like behavior in rats, as indicated by significant decreases in sucrose consump- 
tion, locomotor activity and escape latency. In addition, it was found that BDNF protein and mRNA levels in the hippocampus and frontal 
cortex were lower in CUS-treated rats, as compared to controls. Daily administration of the graded doses of BM extract during the 4- week 
period of CUS significantly suppressed behavioral changes and attenuated the CUS-induced decrease in BDNF protein and mRNA lev- 
els in the hippocampus and frontal cortex. 

Conclusion The results suggest that BM extract alleviates depression induced by CUS. Present study also confirms that 80-120 mg/kg 
doses of BM extract have significantly higher antidepressant-like activity. Psychiatry Investig 2014;11(3):297-306 

Key Words Antidepressant, Bacopa monniera, BDNF, TrkB, Chronic unpredictable stress, Open field test, Sucrose consumption, 
Shuttle box escape test. 



INTRODUCTION 

Depression is a commonly occurring, debilitating, and life 
threatening psychiatric disorder characterized by a pervasive 
low mood, loss of interest or pleasure in daily activities and 
suicidal tendencies. 1,2 Recent studies reported that depression 
and anxiety may occur together in association with sub-th- 
reshold level of depression and anxiety. Anxiety may also pre- 
dispose depression or vice- versa or symptoms of anxiety and 
depression may be external manifestation of underlying cause. 
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Other symptoms, such as sleep and psychomotor disturbanc- 
es, suicidal tendencies, decreased food-intake and body- weight 
are also often present. 3,4 

Brain derived neurotrophic factor (BDNF) is a member of 
the nerve growth factor family. 5 It is essential for growth, main- 
tenance, cellular differentiation and survival of neurons in 
the central nervous system. It acts through its axon specific re- 
ceptor tyrosine kinase (Trk). Postmortem analyses have re- 
vealed lower levels of BDNF in patients with major depres- 
sion, 6 while BDNF infusion into the brain has been found to 
produce antidepressant like action. 7 Clinical studies have found 
decreased BDNF levels in the blood of depressive patients, 8 " 10 
while antidepressant treatment seems to be able to normalize 
BDNF levels. 11,12 BDNF is thus an attractive candidate for cur- 
rent research in the pathophysiology of depression and the 
molecular mechanism of action of antidepressants. 13 " 16 

Herbal products have recently become the drugs of choice 
and investigated for the search of novel and better tolerated 
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molecules from plant sources. 17 Therefore, it is desirable to 
seek new antidepressants drug through herbal treatment. 

Bacopa monniera (BM) (L.) Wettst (Brahmi, family: Scroph- 
ulariaceae), is commonly mentioned as a rasayana in Ayur- 
vedic materia medica and is advocated to be useful in clinical 
mental disorders, anxiety disorders, obsessive compulsive dis- 
orders, hysteria, epilepsy and insomnia. 18 Several clinical stud- 
ies have confirmed the beneficial actions of BM and its phar- 
macological actions are mainly attributed to the bacosides pre- 
sent in it. 19,20 According to pharmacological profile of BM, it 
is reasonable to assume that the extract may have some neuro- 
protective activities. Based on these merits, the present study 
aimed to evaluate the standardized extract of BM against 
CUS-induced behavioral, biochemical, and neuropathologi- 
cal alterations in rats. 

We used chronic unpredictable stress (CUS) induced de- 
pression as a model to determine whether chronic BM treat- 
ment can alleviate stress-induced behavioral abnormalities 
and corresponding changes in HPA axis. In addition, to inves- 
tigate the possible molecular mechanisms mediating the ther- 
apeutic effects of BM, we investigated the expression levels of 
BDNF protein and mRNA in the hippocampus and frontal 
cortex of rat brain. 

In this study, the antidepressant like effect of extract of BM 
(40, 80, and 120 mg/kg body weight) was evaluated in a rat 
model of depression induced by CUS. The molecular mecha- 
nism underlying the antidepressant like action of BM extract 
was investigated by measuring BDNF protein and mRNA lev- 
els in brain tissues of CUS exposed rats. This preclinical study 
confirmed 80 mg/kg dose as the most effective dose of BM to 
reverse the effects of CUS on behavior, BDNF protein and 
mRNA expressions. 

METHODS 

Preparation of extract of BM 

We purchased extract of BM (>40% w/w) from Natural Re- 
medies Pvt. Ltd., Bangalore, India. The extract contains total 
bacosides 40.0-50.0%, along with a number of chemical con- 
stituents, namely bacoside A3 (>2.7%), bacopaside II (>3.6%), 
Jujubogenin isomer of bacopa saponin C (>4.5%), bacopa sa- 
ponin C (>3.0%), bacopaside I (>4.5%). This was prepared by 
dissolving 450 mg of dried powder in 80 mL distilled water 
and administered intragastrically once daily. 

Drugs 

Imipramine hydrochloride (IMF), a tricyclic antidepressant, 
was purchased from Sigma- Aldrich (St. Louis, MO) and used 
as positive control for antidepressant action. 



Animals 

Male Sprague-Dawley rats weighing 180-220 g were obtain- 
ed from the animal care and maintenance division of Chitta- 
ranjan National Cancer Institute (CNCI), Kolkata, India. The 
animals were maintained on a 12 h light/ dark cycle (lights on 
at 6:00 a.m., lights off at 6:00 p.m.) under controlled temper- 
ature conditions (22±2°C), and given standard food and wa- 
ter ad libitum. They were allowed to acclimatize for 7 days be- 
fore use. All experiments conformed to the guidelines of the 
Committee for the Purpose of Control and Supervision of Ex- 
periments on Animal (CPCSEA, New Delhi). The experimen- 
tal protocols were approved by the Institutional Animal Ethics 
Committee (IAEC) of Raja Peary Mohan College, Uttarpara, 
Hooghly (W.B.). Effort was made to minimize the number 
and suffering of the animals. 

Stress procedures 

The rats were randomly assigned to six groups of eight sub- 
jects: Control, CUS plus vehicle, CUS plus BM (40 mg/kg), 
CUS plus BM (80 mg/kg), CUS plus BM (120 mg/kg), and 
CUS plus IMI (20 mg/kg). BM and IMI were each given intra- 
gastrically 30 min before each stressor applied once every day 
for 4 weeks. BM and IMI were dissolved in normal physiologi- 
cal saline (0.9% NaCl). BM and IMI were dissolved in physio- 
logical saline, and the animals in the control and CUS groups 
were treated with equal amounts of physiological saline (10 
mL/kg) as vehicle. The CUS procedure was performed as de- 
scribed by Mao et al. 21 with a slight modification. Briefly, CUS 
consisted of a variety of unpredictable stressors, including 48 
h food deprivation, 24 h water deprivation, 5 min cold water 
swim (at 4°C), 1 min tail pinch (1 cm from the end of the tail), 
foot shock (1 mA, Is duration, average 1 shock/min) for 60 
min and overnight illumination. One of these stressors (in 
random order) was given every day between 9:00 a.m. and 
12:00 a.m. for 4 weeks. Control (unstressed) animals were un- 
disturbed except for necessary procedures such as routine 
cage cleaning. On day 28, behavior of the stressed rats was ob- 
served and the rats were sacrificed to assess any biochemical, 
neurochemical changes that may have occurred and to mea- 
sure gene expression levels in the hippocampus and frontal 
cortex of rat brain. 

Sucrose preference test 

The sucrose preference test was carried out at the begin- 
ning and the end of 4 week period of CUS exposure. The test 
was performed as described previously 22 with minor modifi- 
cations. Briefly, before the test, the rats were trained to adapt to 
sucrose solution (1%, w/v): two bottles of sucrose solution 
were placed in each cage for 24 h, and then one bottle of su- 
crose solution was replaced with water for 24 h. After the ad- 
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aptation procedure, the rats were deprived of water and food 
for 24 h. The sucrose preference test was conducted at 9:00 a.m. 
The rats were housed in individual cages and given free ac- 
cess to two bottles containing 100 mL of sucrose solution (1%, 
w/v) and 100 mL of water, respectively. After 60 min, the vol- 
ume of both the consumed sucrose solution and water was 
recorded. 

Open-field test 

The open field test was carried out at the beginning and 
the end of 4 week period of CUS exposure. The test was mod- 
ified from previously described methods. 23 Briefly, the open 
field apparatus consisted of a square wooden arena (100x 
100x50 cm) with a black surface covering the inside walls. 
The floor of the wooden arena was divided equally into 25 
squares marked by black lines. In each test, a single rat was 
placed in the center of the arena and allowed to explore freely. 
The number of crossings (squares crossed with all paws) and 
rearings (raising of the front paws) were recorded during a 
test period of 5 min. This apparatus was cleaned with a deter- 
gent and dried after occupancy by each rat. 

Shuttle box escape test 

After 4 weeks of CUS procedure following BM or IMI treat- 
ment, rats were subjected to shuttle box testing. The escape 
avoidance test was carried out in a two-way shuttle box (60x 
20x20 cm) with plexiglass walls fitted with a floor consisting 
of stainless steel rods separated by 1.0 cm. The floor was divid- 
ed into two equal size chambers by a wood partition (1.5 cm 
above the grid floor). Subjects were placed in the shuttle-box, 
allowed to habituate to the test environment for 3 min, and 
then were subjected to 30 avoidance trials (30-s inter-trial in- 
terval). The number of escape failures, defined as the absence 
of a crossing response before or during shock delivery, was 
recorded. 

Measurement of body weight & adrenal gland 

Body weight (gm.) of all rats were measured categorically 
pre-stress and post stress sessions. Adrenal gland weights (mg) 
of all rats were evaluated through adrenalectomy after the 
completion of 4 weeks CUS procedure. 

Tissue sample collection 

Twenty four hours after the completion of the last behav- 
ioral test, the rats were sacrificed by decapitation. The whole 
brain of each rat was rapidly removed and chilled in an icecold 
saline solution. Various brain areas, including the hippocam- 
pus and frontal cortex, were dissected on a cold plate and im- 
mediately frozen in liquid nitrogen. The tissue samples were 
stored at -80°C until assay. 



50-100 mg tissue of each subject from hippocampus and 
frontal cortex was extracted using RIPA buffer [20 mM Tris- 
HCL (pH 8), 150 mM NaCl, 1 mM EDTA, 50 mM NaF, 1 mM 
Na2Mo04, 0.5 mM Na3V04, 5 mM Na2P207, 1% Triton 
X-100, 0.5% Na deoxycholate, 0.1% SDS, 10% glycerol, 10 \ig/ 
mL leupeptin, 10 (ig/mL aprotinin, 0.01 mM phenylmethyl 
sulfonyl fluoride (PMSF), 1 mg/mL pepstatin A, and 10 mM 
benzamidine]. Supernatant was prepared by centrifugation 
(REMI, India) at 15,000 rpm for 10 min at 4°C. Protein content 
was determined by the Bradford method (Bio-Rad, CA, USA). 

Measurement of BDNF protein levels in the 
hippocampus and frontal cortex 

The content of BDNF protein was measured using a com- 
mercially available enzyme linked immunosorbent assay (ELI- 
SA) kit (Chemicon International, Temecula, CA, USA) ac- 
cording to the manufacturers instructions. The hippocampus 
and frontal cortex samples were weighed and homogenized 
in 10 fold volume of lysis buffer (RIPA buffer). The homoge- 
nate was centrifuged at 14,000xg for 30 min at 4°C, and the 
supernatants were collected and stored at -80°C until assay. All 
samples and standards were applied in duplicate into 96 well 
immunoplates precoated with mouse antihuman BDNF an- 
tibody, which were incubated on a shaker overnight at 4°C Af- 
ter washing four times, biotinylated mouse antihuman BDNF 
antibody was added and the immunoplates were incubated 
for 3 h at room temperature. After washing, streptavidin HRP 
conjugate solution was added and the immunoplates were 
incubated at room temperature for 1 h. TMB/E substrate was 
added and the immunoplates were incubated at room temper- 
ature for 15 min. The plates were immediately read by a mi- 
croplate reader at 450 nm (Systronics, India). The detection 
limit of the assay is 7.8 pg/mL. 

Determination of expression of TrkB protein in 
hippocampus and frontal cortex by Western blot 

TrkB was immunolabeled with the Western blot technique 
as described below. Equal volumes of soluble fractions con- 
taining 60 (ig of protein from both hippocampus and pre-fron- 
tal cortex were electrophoresed on 15% (weight-volume ratio) 
polyacrylamide gel (Mini-PROTEAN® Tetra Cell with Mini- 
Trans Blot®, Bio-Rad, USA). The blots were incubated over- 
night at 4°C with primary anti-TrkB polyclonal antibodies 
(Chemicon, USA), (1:500 dilution in 3% BSA). After stripping 
the membrane with stripping solution, Anti-|3-actin monoclo- 
nal antibody (1:10000 dilution in 3% BSA, Sigma, USA) was 
used as a housekeeping protein to reduce internal blot vari- 
ability. 

Nitrocellulose membranes were washed three times in TBST 
and incubated with HRP- conjugated anti-sheep IgG (1:1000) 
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for 2 hours at room temperature. Immuno-reactive bands were 
visualized using the Enhanced chemiluminescence (ECL) 
(Santa Cruz, USA). Before starting the experiment, the dilu- 
tion of each antibody and the duration of the exposure of the 
nitrocellulose membranes on autoradiographic film were 
standardized. The bands on the autoradiograms were quanti- 
fied as mentioned above and the optical density value (OD) of 
each band was analyzed with the electrophoresis image anal- 
ysis system (Smartview 2001, S/N: SV-0002202, Japan). The 
optical density of each protein was corrected by using the opti- 
cal density of the corresponding |3-actin band. The values are 
presented as a percent of the control. 

Measurement of BDNF mRNA levels in the 
hippocampus and frontal cortex 

Total RNA from the hippocampus and frontal cortex was 
isolated with RNASure"' Mini Kit according to the manufac- 
turer's protocol. Concentrations of extracted RNA were cal- 
culated from the absorbance at 260 nm. The quality of RNA 
was assessed by absorbances at 260 and 280 nm, with a ratio 
of A260 to A280 ranging from 1.9 to 2.1 considered accept- 
able. Total RNA (1.5 mg) was transcribed using a high capaci- 
ty cDNA reverse transcription kit (The Maxima 8 First Strand 
cDNA Synthesis Kit) according to the manufacturers proto- 
col. Assays on demand primers for BDNF (Rn02531967 si) 
and beta-actin (Rn00667869 ml) were purchased from Ap- 
plied Biosystems, Inc. Realtime Quantitative polymerase chain 
reaction (PCR) analysis was performed with a Maxima® SYBR 
Green qPCR Master Mix (2X), using the StepOnePlus™ re- 
altime PCR system (Applied Biosystems, Inc., Foster City, 
CA). Sequence Detection System Software (Version 1.0, Ap- 
plied Biosystems, Inc., Foster City CA) was used for data anal- 
ysis. The relative expression of BDNF mRNA was normalized 
to the amount of |3-actin in the same cDNA. 

Statistical analysis 

The Statistical Package for the Social Science (SPSS) 15.0 
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was utilized for statistical analyses. 

All data were expressed as mean±SEM and have been sta- 
tistically analyzed with ANOVA followed by Students t-test. 
p values less than 0.001 and 0.05 were considered statistically 
significant, p value means the probability value and SEM means 
standard error of the mean. 

RESULTS 

Effect of BM treatment on the sucrose consumption 

Figure 1 shows the effect of BM treatment on the sucrose 
consumption in CUS exposed rats. Before CUS treatment, 
there was no significant difference in the percentage of sucrose 
consumption among all rats (data not shown). A 4 week pe- 
riod of CUS exposure along with graded doses of BM treat- 
ment exhibited significant variation (F 2 , 39=110.14; p<0.05). 
Chronic CUS exposure resulted in a significant reduction 
(t C us=25.33, df=19, t p<0.05) in the sucrose consumption level 
in the animals, as compared to the normal controls (i.e. non 
CUS exposed rats). Chronic treatment with BM at daily dos- 
es of 80 and 120 mg/kg resulted in significant increases in the 
sucrose consumption in CUS exposed rats (t B M8o=13.62, df= 
19, *p<0.05 and t BM i2o=19.21, df=19, *p<0.05 respectively) (Fig- 
ure 1), as compared to only CUS exposed stressed rats. Treat- 
ment with IMI (20 mg/kg), a positive control, also significantly 
increased the level of sucrose consumption in CUS exposed 
rats (timi=19.62, df=19, *p<0.05) (Figure 1). Obtained results 
from this study clearly illustrated that chronic treatment with 
BM at daily doses of 80 and 120 mg/kg resulted in significant 
increase (t BM8 o=8.35, df=19, *p<0.05 and t BM i2o=12.86, df=19, 
*p<0.05 respectively) (Figure 1) in the sucrose consumption in 
CUS exposed rats than treated with BM at daily dose of 40 
mg/kg. 

There was no significant (t BM i2o=0.95, df=19, p>0.05) (Fig- 
ure 1) alteration in sucrose consumption rate among BM 80 
& BM 120 treated rat group rats. 



Vehicle 
control 



CUS+ 
vehicle 



CUS+ CUS+ 
BM 40 BM 80 

Rat groups 



CUS+ 
BM120 



CUS+ 
IMI 20 



Figure 1. Effect of BM treatment on the 
level of sucrose consumption in CUS 
exposed rats, values given are the 
mean±SEM (n=8). *p<0.05 as compared 
with the CUS group, +p<0.05 as com- 
pared with the Vehicle control group. 
CUS: chronic unpredictable stress, BM: 
graded doses of administered Bacopa 
monniera, IMI: imipramine hydrochloride, 
used as antidepressant drug, SEM: stan- 
dard error of the mean. 
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Figure 2. Effect of BM treatment on the 
number of crossings in the open field 
test in CUS exposed rats. Values given 
are the mean±SEM (n=8). *p<0.05 as 
compared with the CUS group, +p<0.05 
as compared with the vehicle control 
group. CUS: chronic unpredictable stress, 
BM: graded doses of administered Ba- 
copa monniera, IMI: imipramine hydro- 
chloride, used as antidepressant drug, 
SEM: standard error of the mean. 
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Figure 3. Effect of BM treatment on the 
number of rearings in the open field 
test in CUS exposed rats. Values given 
are the mean±SEM (n=8). *p<0.05 as 
compared with the CUS group, +p<0.05 
as compared with the vehicle control 
group. CUS: chronic unpredictable stress, 
BM: graded doses of administered Ba- 
copa monniera, IMI: imipramine hydro- 
chloride, used as antidepressant drug, 
SEM: standard error of the mean. 



Effect of BM treatment on locomotor activity in the 
open field test 

Figures 2 and 3 show the effect of BM treatment on loco- 
motor activity in CUS exposed rats. Significant variation in 
locomotor activity was assessed by the number of crossings 
(cro SS m g F 5 , 78=238.14; p<0.05) (Figure 2) and rearingS (RearingFs, 7S~ 
90.51; p<0.05) (Figure 3) in the open field test. Before CUS 
treatment was given, there was no significant difference in the 
number of crossings and rearings among all rats (data not 
shown). A 4 week period of CUS exposure resulted in a sig- 
nificant reduction in the number of crossings (t C us= 22.75, 
df=19, + p<0.05) (Figure 2) and rearings (t C us=28.24, df=19, 
t p<0.05) (Figure 3) in rats as compared to the normal controls. 
Chronic treatment with graded doses of BM significantly in- 
creased the number of crossings (t B M8o=H-80, df=19, *p<0.05 
and t B Mi2o=13.65, df=19, *p<0.05 respectively) and rearings 
(t BM8 o=16.15, df=19, *p<0.05 and t BM i2o=13.10, df=19, *p<0.05 
respectively) (Figure 3) in CUS exposed rats, as compared to 
the only stressed rats. Long term treatment with BM at daily 
dose of 80 and 120 mg/kg also significantly increased the 
number of rearings (t BM 8o=6.12, df=19, *p<0.05 and t BM i2o=6.08, 
df=19, *p<0.05 respectively) (Figure 3) and crossings (t B Mso= 



8.43, df=19, *p<0.05 and t BM i2o=4.69, df=19, *p<0.05 respec- 
tively) (Figure 2) in CUS exposed rats, as compared to the 
BM40 treated rat group. Treatment with IMI (20 mg/kg) also 
significantly increased the number of crossings (timi=17.72, 
df=19, *p<0.05) (Figure 2) and rearings (t M =18.91, df=19, *p< 
0.05) (Figure 3) in CUS exposed rats. There was no signifi- 
cant alteration among BM80 & BM120 treated rats in the 
number of crossing (t BM i2o=0.32, df=19, p>0.05) (Figure 2) 
and rearing (t BM i2o=l-72, df=19, p>0.05) (Figure 3). 

Effect of BM treatment on learning activity in the 
shuttle box escape test 

Figure 4 shows the effect of BM treatment on learning ac- 
tivity in CUS exposed rats altered markedly (F 5 ,7 8 =19.31; p< 
0.05). Learning activity was assessed by the latency period in 
the shuttle box escape test. Before CUS treatment was given, 
there was no significant difference in the escape latency among 
all rats (data not shown). A 4 week period of CUS exposure 
resulted in a significant enhancement of escape latency period 
(t C us=10.48, df=23, f p<0.05) (Figure 4) in rats as compared to 
the controls. Chronic treatment with graded doses of BM sig- 
nificantly decreased the escape latency periods (t BM 8o=7.99, df= 
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23, *p<0.05 and t BM i2o=9.6, df=23, *p<0.05 respectively) (Figure 
4) in CUS exposed rats, as compared to the stressed rats. Long 
term treatment with BM at daily dose of 80 and 120 mg/kg 
also significantly reduced the escape latencies in CUS exposed 
rats (t B M8o=3.04, df=23, *p<0.05 and t BM i2o=3.44, df=23, *p<0.05 
respectively) (Figure 4), as compared to the BM40 treated rat 
group. Treatment with IMI (20 mg/kg) also significantly re- 
duced the latency period (ti mi =7.27, df=23, *p<0.05) (Figure 4) 
in CUS exposed rats. There was no significant alteration 
among BM80 & BM120 treated rats in their escape latency 
0.32, df=19, p>0.05) (Figure 4). 

Effect of BM treatment on body weight and the ratio 
of adrenal gland weight to body weight 

The effects of chronic unpredictable stress and the admin- 
istration of BM extract on body weight, the ratio of adrenal 
gland weight to body weight (AG/B) are summarized in Table 
1. No difference in the initial body weight was observed in any 
experimental group (data not shown). Chronic stress signifi- 
cantly decreased body weight and significantly increased 
AG/B ratio relative to the non-stressed control rats (data 
shown in Table 1). 

Chronic stress-induced decrease in body weight was not 
significantly affected by the 40, 80 or 120 mg/kg BM treat- 



ment; however, the increases in the AG/B ratios were amelio- 
rated by the drug treatment. The positive control treatment 
with IMI (20 mg/kg) had similar effects on the AG/B ratio 
(data shown in Table 1). 

Effect of BM treatment on BDNF protein levels in 
the hippocampus and frontal cortex 

Figure 5 shows the significant effect of BM treatment on 
BDNF protein levels in the hippocampus (F 5 , 78=21.86; p<0.05) 
and frontal cortex (F 5 , 78 =35.54; p<0.05) of CUS exposed rats. 
CUS significantly decreased BDNF protein levels in the hip- 
pocampus (t C us=8.23, df=9, t p<0.001) (Figure 5) and frontal 
cortex (t C us=15.09, df=9, t p<0.001) (Figure 5) of rats, as com- 
pared to the controls. BM treatment at daily doses of 80 and 
120 mg/kg significantly increased BDNF protein levels in both 
the hippocampus (t BM 8o=8.65, df=9, *p<0.001 and t BM i2o=9.0, 
df=9, *p<0.001 respectively) (Figure 5) and frontal cortex (t B Mso= 
9.21, df=9, *p<0.001 and t BM i2o=13.8, df=9, *p<0.001 respec- 
tively) (Figure 5) compared to CUS exposed rats. IMI treatment 
(20 mg/kg) also significantly increased BDNF protein levels 
in both the hippocampus and frontal cortex regions of CUS 
exposed rats (ti ml =15.57, df=9, *p<0.001 and 11^=12.53, df=9, 
*p<0.001 respectively) (Figure 5). Recent study also illustrated 
that there were no significant alterations in BDNF protein 
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Figure 4. Effect of BM treatment on the 
escape latency in the Shuttle box es- 
cape test in CUS exposed rats. Values 
given are the mean±SEM (n=8). *p< 
0.05 as compared with the CUS group, 
tp<0.05 as compared with the vehicle 
control group. CUS: chronic unpredict- 
able stress, BM: graded doses of admin- 
istered Bacopa monniera, IMI: imipra- 
mine hydrochloride, used as antidepres- 
sant drug, SEM: standard error of the 
mean. 



Table 1 . The effects of BM on body weight (gm) and the ratio of adrenal gland weight/body weight (AG/B) 


Rat groups 


Dose (mg/kg) 


Body weight (pre-stress) 


Body weight (after stress) 


The ratio of AG/B 


Control 




190.5±2.2 


363.5+4.3 


0.117+0.006 


CUS+Vehicle 




191.1±2.1 


310.2+2.4t 


0.151+0.003 


CUS+BM40 


40 


187.9±2.6 


311.2+3.5 


0.135+0.005 


CUS+BM80 


80 


195.3±1.2 


312.7+2.6 


0.129+0.004* 


CUS+BM120 


120 


189.413.1 


315.5+2.7 


0.101+0.004* 


CUS+Imipramine 


20 


190.813.3 


313.8+2.3 


0.10510.003* 



Values are the mean+SEM (n=8) *p<0.05 compared with CUS group, tp<0.05 as compared with Vehicle control group. CUS: chronic unpre- 
dictable stress, BM: graded doses of administered Bacopa monniera, IMI: imipramine hydrochloride, used as antidepressant drug, SEM: 
standard error of the mean 
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levels among BM80 and BM120 treated rat groups in both 
hippocampus (t B Mi2o=0.55, df=9, p>0.05) (Figure 5) and frontal 
cortex (t B Mi2o=0.55, df=9, p>0.05) (Figure 5). 

Effect of BM treatment on TrkB levels in the 
hippocampus and frontal cortex 

Long term CUS significantly reduced the expressions of 
BDNF cognate receptor TrkB in both the hippocampus as well 
as frontal cortex. The molecular weight of TrkB and (3-actin 
were 145 kDa and 42 kDa respectively. The expression levels 
of TrkB, against the internal control (3-actin protein level to de- 
termine their actual expression through Western Blot analy- 
sis. Long term exposure to CUS followed by administration 
of graded doses of BM significantly altered TrkB expression 
profiles in both hippocampus (F 5 , 78=157.62; p<0.05) (Figure 6) 



and PFC (F 5 , 78 =143.54; p<0.05) (Figure 7) regions. 

In the Western Blot analysis the expression profiles of TrkB 
in both hippocampus (tT rkB =21.62; df=9; t p<0.001) (Figure 6) 
and PFC (t Tr kB=18.93; df=9; + p<0.001) (Figure 7) region were 
significantly decreased among the CUS group rats compared 
to untreated control group rats. 

Administration of graded doses of BM significantly en- 
hanced the expressions of TrkB. In the Western Blot analysis 
the expression profiles of TrkB significantly increased in hip- 
pocampus among the recovery group rats treated with BM 80 
and BM 120 doses compared to CUS induced rats (t B M8o= 19.88, 
df=9, *p<0.001 and tB M i 2 o=20.89, df=9, *p<0.001 respectively) 
(Figure 6). Similar phenomenon was also observed in the re- 
gion of PFC (t BM 8o=39.98, df=9, *p<0.001 and t BM i2o=40.23, 
df=9, *p<0.001 respectively) (Figure 7) too. 
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Figure 5. Effect of BM treatment on brain 
derived neurotrophin factor (BDNF) 
protein levels in the hippocampus and 
frontal cortex of CUS exposed rats. 
Values given are the mean±SEM (n=6). 
*p<0.001 as compared with the CUS 
group, tp<0.001 as compared with the 
Vehicle control group. CUS: chronic un- 
predictable stress, BM: graded doses 
of administered Bacopa monniera, IMI: 
imipramine hydrochloride, used as anti- 
depressant drug, SEM: standard error 
of the mean. 
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Figure 6. Effect of BM treatment on 
BDNF receptor TrkB protein levels in 
the hippocampus of CUS exposed rats. 
Values given are the mean±SEM (n=6). 
*p<0.001 as compared with the CUS 
group, tp<0.001 as compared with the 
Vehicle control group. CUS: chronic un- 
predictable stress, BM: graded doses 
of administered Bacopa monniera, IMI: 
imipramine hydrochloride, used as anti- 
depressant drug, SEM: standard error 
of the mean. 
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Figure 7. Effect of BM treatment on 
BDNF receptor TrkB protein levels in 
the frontal cortex of CUS exposed rats. 
Values given are the mean±SEM (n=6). 
*p<0.001 as compared with the CUS 
group, tp<0.001 as compared with the 
Vehicle control group. CUS: chronic un- 
predictable stress, BM: graded doses 
of administered Bacopa monniera, IMI: 
imipramine hydrochloride, used as anti- 
depressant drug, SEM: standard error 
of the mean. 
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Effect of BM treatment on BDNF mRNA levels in the 
hippocampus and frontal cortex 

Figure 8 shows the significant effect of BM treatment on 
BDNF mRNA levels in the hippocampus (F 5 , 7 s=7.86; *p<0.05) 
and frontal cortex (F 5 , 78 =6.96; *p<0.05) of CUS exposed rats. 
CUS significantly decreased BDNF mRNA levels in the hip- 
pocampus (t C us=10.46, df=9, t p<0.001) (Figure 8) and frontal 
cortex (tcus=43.96, df=9, t p<0.001) (Figure 8) of rats, as com- 
pared to the controls. BM treatment at daily doses of 80 and 
120 mg/kg significantly increased BDNF mRNA levels in both 
the hippocampus (t B M8o=15.55, df=9, *p<0.001 and tBMno= 
26.31, df=9, *p<0.001 respectively) (Figure 8) and frontal cortex 
(t B M8o=17.31, df=9, *p<0.001 and t BM i2o=20.34, df=9, *p<0.001 
respectively) (Figure 8) of CUS exposed rats, as compared to 
the only stressed rats. IMI treatment (20 mg/kg) also signifi- 
cantly increased BDNF protein levels in both the hippocam- 



Figure 8. Effect of BM treatment on brain 
derived neurotrophin factor (BDNF) 
mRNA levels in the hippocampus and 
frontal cortex of CUS exposed rats. Val- 
ues given are the mean±SEM (n=6). 
*p<0.001 as compared with the CUS 
group, tp<0.001 as compared with the 
Vehicle control group. CUS: chronic un- 
predictable stress, BM: graded doses of 
administered Bacopa monniera, IMI: 
imipramine hydrochloride, used as anti- 
depressant drug, SEM: standard error of 
the mean. 



pus and frontal cortex of CUS exposed rats (ti mi =9.81, df=9, 
*p<0.001 and ^=20.54, df=9, *p<0.001 respectively) (Figure 
8). Recent study also illustrated that there were no significant 
alterations in BDNF protein levels among BM80 and BM120 
treated rat groups in both hippocampus (tBMi2o=0.38, df=9, p> 
0.001) (Figure 8) and frontal cortex (t BM i2o=0.49, df=9, p>0.001) 
(Figure 8). 

DISCUSSION 

The present results showed that animals subjected to a ch- 
ronic unpredictable stress regime for 28 consecutive days fail- 
ed to acquire normal sucrose consumption, locomotor activ- 
ity and escape response. However, sucrose consumption, lo- 
comotor activity and escape deficits could be reversed if 
animals were either chronically administered BM (80-120 
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mg/kg) or imipramine (20 mg/kg) during the stressor period. 
These doses have the capability to restore animal's sucrose 
consumption, locomotor activity, escape deficits, BDNF lev- 
els and mRNA levels in hippocampus and frontal cortex. The 
effects of BM were similar to those of imipramine, which was 
used as a positive control. The effects of chronic stress on 
body weight were not ameliorated by BM extract and imip- 
ramine administration. 

In the present study, we investigated the effects of BM, an 
Indian herb, on rats exposed to CUS, using the sucrose pref- 
erence, open field tests and shuttle-box test to assess their be- 
havior, and measuring BDNF protein and mRNA levels in 
the hippocampus and frontal cortex. The results demonstrat- 
ed that extract of BM treatment at a daily dose of 80 or 120 
mg/kg not only had a potent antidepressant like effect on 
CUS induced depression model in rats but also attenuated the 
decrease in BDNF protein and mRNA levels in the hippocam- 
pus and frontal cortex. CUS induced depression has been 
widely used for investigating the pathophysiology of depres- 
sion and associated therapeutic interventions. 24 26 Several stud- 
ies suggest that CUS can induce long term behavioral distur- 
bances that resemble the symptoms of clinical depression, 22 ' 26 
and that CUS induced depression in animal models can be 
used for evaluating the efficacy of antidepressant candidates 
through behavioral tests including the sucrose preference, 
open field tests and shuttle-box test. 24,25,27,28 The sucrose pref- 
erence test is an indicator of anhedonia like behavioral ch- 
ange. 25,26 Anhedonia, a core symptom of major depression 
among humans, is modeled by inducing a decrease in respon- 
siveness to rewards reflected by reduced consumption of and/ 
or preference for sweetened solutions, 25 26 The results of the 
present study show that rats subjected to a 4 week period of 
CUS consumed less sucrose solution compared to non-stress- 
ed rats. Long term treatment with extract of BM significantly 
suppressed this behavioral change, which indicates the anti- 
depressant like action of the herbal product. In the open field 
test, normal animals usually show increased locomotor activ- 
ity in a novel open field, which is driven by the instinct for ex- 
ploration in an environment. 22 However, after chronic stress, 
animals display decreased locomotor activity in a novel open 
field, 29 which is indicative of a behavioral change that may re- 
flect certain aspects of refractory depression, or loss of inter- 
est. 22 ' 24 In the shuttle-box testing, normal animals usually show 
decreased escape latency. 3,4 ' 15 However, after chronic stress tr- 
eatment animals display increased escape latency and long 
term treatment with BM showed decreased escape latency as 
non-stressed control. In the present study, we found that expo- 
sure to CUS for a period of 4 weeks led to a significant reduc- 
tion in the number of crossings and rearings in the open field 
test and escape deficits in shuttle -box test among the CUS ex- 



posed rats. However, the CUS induced decrease in sucrose 
consumption, locomotor activity and escape deficits were am- 
eliorated by long term treatment with extract of BM during 
the course of CUS. Recent clinical studies of depression have 
paid special attention to the hippocampus and frontal cortex, 
which are brain regions structurally and functionally affected 
by stress responses and critically involved in the regulation of 
mood and learning/memory function. 18,30 A causal relation- 
ship has been found between the incidence of major depres- 
sive disorders and neuronal atrophy in the hippocampus and 
frontal cortex. 31,32 BDNF, which modulates neuronal plastici- 
ty inhibits cell death cascades and increases the cell survival 
proteins that are responsible for the proliferation and main- 
tenance of central nervous system neurons 33 ; hence, it may 
be an important factor in the development and treatment of 
depression. In experimental studies, it has been found that a 
decrease in BDNF expression in the hippocampus and frontal 
cortex among animals exposed to chronic stress can be re- 
versed by antidepressant treatment showed that conditional 
BDNF knockout mice displayed an increase in depression like 
behavior, which was assessed by the forced swim test and su- 
crose preference tests demonstrated that BDNF deficit can 
dampen the effects of antidepressants in mice exposed to 
chronic unpredictable mild stress. These studies provide evi- 
dence of the role of BDNF in depression, and indicate that the 
up regulation of BDNF expression may contribute to the ac- 
tion of antidepressants. Consistent with this view, the present 
study shows that CUS exposure decreases BDNF protein and 
mRNA levels in both the hippocampus and frontal cortex of 
depressed rats, while long term treatment by BM for the pe- 
riod of CUS exposure significantly reverses the CUS induced 
changes in behavior, BDNF protein and mRNA levels. The 
present results show that extract of BM (80-120 mg/kg) and 
imipramine both significantly increased BDNF expression in 
the hippocampus and frontal cortex of CUS treated rats. 

In conclusion, our study demonstrates diminished activa- 
tion of avoidance response which can be restored by treatment 
with BM extract of 80-120 mg/kg. The data presented herein 
suggest that selective increases in BDNF in specific brain re- 
gions, namely the hippocampus and frontal cortex, may be in- 
volved in the mechanism by which BM is effective as an anti- 
depressive therapeutic agent. 
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